Complete or partial triplication of human chromosome 21 results in Down syndrome (DS). To analyze differential gene expressions in amniotic fluid (AF) cells of DS, we used a DNA microarray system to analyze 102 genes, which included 24 genes on chromosome 21, 28 genes related to the function of brain and muscle, 36 genes related to apoptosis, 4 genes related to extracellular matrix, 8 genes related to other molecular function and 2 house-keeping genes. AF cells were collected from 12 pregnancies at 16-18 weeks of gestation in DS (n=6) and normal (n=6) subjects. Our DNA microarray experiments showed that the expressions of 11 genes were altered by at least 2-folds in DS, as follows. Ten genes, COL6A1, CASP5, AKT2, JUN, PYGM, BNIP1, OSF-2, PRSS7, COL3A1, and MBLL were down-regulated and GSTT1 was only up-regulated. The differential expressions of GSTT1 and COL3A1 were further confirmed by semi-quantitative RT-PCR for each sample. The gene dosage hypothesis on chromosome 21 may explain the neurological and other symptoms of DS. However, our results showed that only two genes (COL6A1 and PRSS7), among 24 genes on chromosome 21, were down-regulated in the AF cells of DS. Our data may provide the basis for a more systematic identification of biological markers of fetal DS, thus leading to an improved understanding of pathogenesis for fetal DS.
INTRODUCTION
Down syndrome (DS) has an incidence of one per 700 live births and is caused by complete or partial triplication of human chromosome 21 (1) . Nondisjunction during meiosis may be responsible for the various phenotypes of DS, and -70% of nondisjunction errors have been found to occur during meiosis I and the other 30% during meiosis II (2, 3) . DS is characterized clinically by abnormal facial and skeletal features (4), mental retardation (5), precocious dementia (6) and congenital heart disease (7, 8) .
Recently, genomic approach for DS has been performed using various clinical samples. However, the gene expression study using DS fetus has some limitation, especially for amniotic fluid (AF) cells. AF is commonly used for prenatal diagnosis in obstetrics and gynecology, which includes various tissue of origin for fetal DS. Our genomic approach for AF cells of DS may provide basic information for understanding of the development of DS fetus.
The differential expression of genes located on the extra copy of chromosome 21 has been assumed to be responsible for the phenotypic abnormalities of DS, but this gene dosage hypothesis has not been fully assessed on a genome-wide basis. The expression patterns of genes related to phenotypic abnormalities of DS may provide insights into their potential roles in DS. For example, DSCR-1 gene on chromosome 21 is developmental regulator gene and is involved in neurogenesis. Moreover, its overexpression may contribute to brain abnormalities (9) . SIM2 gene is a transcriptional regulator that operates as a important determinant of the central nervous system and is a candidate gene for the pathogenesis of mental retardation in DS (10) . The overexpression of S100beta in the AF of DS fetuses may be related to the appearance of Alzheimer-type neuropathological changes in DS (11) .
We used the DNA microarray technique (12) using AF cells in DS to investigate the pathogenesis of this syndrome, and also identify biological markers of DS in based on a highthroughput method. Although it is not fully clear how AF cell can represent the phenotype of this syndrome, the differential gene expression by extra copy of chromosome 21 would be expected even in AF cells, regardless of the tissue of origin (13) . Our microarray analysis determined the expressions level of 102 genes potentially important in DS from cultured AF cells at 16-18 weeks of gestation.
MATERIALS AND METHODS
Cell culture and cytogenetic analysis AF samples of DS and normal subjects were collected from women undergoing routine amniocentesis for genetic testing. From July 2001 to November 2002, 12 women with pregnancies of DS (n=6) and normal (n=6) subjects, at the CHA General Hospital, College of Medicine, Pochon CHA University (Seoul, Korea), gave informed consent for the use of their AF cells, which only included for this study. Pochon CHA college of Medicine's Institutional Reviewed Board approved this study for human subjects. After centrifugation of AF (10 mL) at 1,800 rpm for 10 min, the pellet of AF 0.5 mL was added to 2 mL of CHANG media (IRVINE SCIENTIFIC, Santa Ana, CA, U.S.A.) in a culture dish. AF cells were grown in the tissue culture flask under 5% CO2 at 37℃ in CHANG media for DNA microarray analysis. Cytogenetic analysis for determination of DS was performed on metaphase spreads of cultured AF cells by standard method.
RNA extraction and fluorescent cDNA probes labeling AF cells were obtained from patients at 16-18 weeks gestation. DS (n=6) and normal (n=6) subjects, respectively, total RNA was extracted from normal and DS AF cells (at 80-90% confluency) using RNeasy minikit (QIAGEN, Valencia, CA, U.S.A.). Total RNA isolated from every subject was quantitated. The purity of total RNA was confirmed by spectrophotometer and agarose gel electrophoresis. Each 30 g of total RNA from DS (n=6) and normal (n=6) subjects was pooled, and labeled with either Cy3UTP or Cy5UTP (NEN Life Science Products, Boston, MA, U.S.A.) during reverse transcription (RT). The RT was performed using 2 g/ L oligo dT (Invitrogen, Carlsbad, CA, U.S.A), 0. We used cDNA chip which contained 102 genes located on chromosome 21 (24 genes), genes expressed in brain (11 genes) or muscle (17 genes) and apoptosis related genes (36 genes), extracellular matrix (ECM) related genes (4 genes), genes related to other molecular function (8 genes) and housekeeping genes (2 genes). The list of genes with accession number was shown in Table 1 , and functional category of total genes analyzed by GeneSpring was shown Fig. 1A (Silicon Genetics, Redwood City, CA, U.S.A.). PCR-ampilfied EST of 102 genes were fabricated by duplicate on Corning glass slide (Disgene, Seoul, Korea).
Fluorescent cDNA probes were dried after ethanol preparation, and resuspended in 20 L hybridization buffer of TE (pH 8.0), 20× SSC and 10% SDS. The labeled cDNA was heated at 100℃ for 2 min then incubated at 37℃ for 30 min. Reaction mixture was dropped on the slide and covered by a cover slip. The slide was assembled with a hybridization chamber and hybridized for 16 hr at 65℃.
Data analysis
The slide was dried by centrifugation and then scanned on ScanArray 4000XL (Packard Bioscience, Billerica, MA, U.S.A.). After registration of Cy3 and Cy5 images, the unified image was quantified using ImaGene TM ver 4.0 (BioDiscovery, Inc., Los Angeles, CA, U.S.A.). Normalization was performed from the quantified data by mean intensity of 102 genes on the slide (Global normalization).
Semiquantitative RT-PCR analysis For confirmation of gene expression level, semi-quantitative RT-PCR was performed using OneStep RT-PCR kit (QIA-GEN, Inc., Valencia, CA, U.S.A.) according to the manufacturer's direction. For RT-PCR, 100 ng of total RNA was reverse transcribed at 50℃ for 30 min in 50 L final volume by 2 L of OneStep RT-PCR enzyme mix. Each gene specific primers were added in first strand synthesis step. The RT-PCR products were subjected to electrophoresis on 1% agarose gel. Differentially expressed genes were detected using the following primer pairs; COL3A1 sense, 5′ -gtggacagattctagtgctgag-3′ , antisense, 5′ -ataggtagtctcacagccttgc-3′ , GSTT1 sense, 5′ - 
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The PCR amplicons of human cDNA clones were spotted in 4 blocks using a 4-pin print head, and all of genes spotted in duplicate. The similar result has shown by the repeated experiments. GAPDH and -actin were spotted in last row of each blocks.
tgactactggtaccctcaggac-3′ , antisense, 5′ -aggtcagctaaggagatgtgag-3′ , and GAPDH sense, 5′ -accacagtccatgccatcac-3′ , antisense, 5′ -tccaccaccctgttgctgta-3′ .
RESULTS

Analysis of the gene expression profiles by DNA microarray
Microarray is powerful tool for analyzing expression profile and identifying bio-marker in clinical samples. In our microarray experiment, the RNA samples of the normal (n=6) and DS (n=6) subjects were pooled to reduce the effect of individual variations. Hybridization spots were quantified and normalized using ImaGene TM ver 4.0 software (BioDiscovery, Inc., Marina del Rey, CA, U.S.A.). To normalize the intensity levels of genes on the chip, we compared the Cy3:Cy5 intensity ratios of all spots on the array (Global normalization). GAPDH and -actin, the housekeeping genes, were used as controls and the signal intensity of these genes was represented the almost same in Cy3 and Cy5 (Fig. 1B) . The overall hybridization signals obtained by using cDNA probe of normal and DS subjects were similar (<2-folds). Eleven genes in DS showed the differences of 2-folds or more (Fig. 2) .
Differentially expressed genes in DS samples
Differentially expressed genes are represented by a pair mean ratio (Log2Test Mean/Control Mean) of signal intensity. The overexpression of gene was defined as a pair mean ratio of >1.0. Eleven genes were differentially expressed in DS, as summarized in Table 2 . Only one gene, GSTT1, was up-regulated (1/102, 1%) and 10 genes were down-regulated in DS (10/102, 10%); OSF-2, PYGM, AKT2, JUN, BNIP1, COL-3A1, COL6A1, CSAP5, PRSS7 and MBLL (Fig. 2) . These genes fell into the following groups: 1) Cell communication; OSF-2 and PYGM, 2) Signal transduction; AKT2, JUN and BNIP1, 3) Apoptosis; CSAP5, 4) Enzyme; PRSS7 and GSTT1. The functional categorization differentially expressed genes were classified using GeneSpring (ver 6 Silicon Genetics, Redwood, CA, U.S.A.) and summarized in Table 2 .
Semi-quantitative RT-PCR of COL3A1 and GSTT1
We confirmed the microarray results to validate these differentially expressed genes in DS and normal samples by semiquantitative RT-PCR, and the matched results were observed (data not shown). We selected two genes; one up-regulated gene (GSTT1) and one down-regulated gene (COL3A1), for analysis of every subject, and the semi-quantitative RT-PCR results are shown in Fig. 3 . GSTT1 was highly expressed in 50% of DS subjects (3/6), but in only one of normal subjects (1/6, 17%). The expression of COL3A1 was down-regulated in the DS subjects (5/6, 83%), but not in the normal subjects (0/6, 0%). RT-PCR analysis of COL3A1, GSTT1 and GAPDH was performed in AF cells of 6 normal and 6 DS. GAPDH serves as an internal control. Lane 1-6: Normal subject, Lane 7-12: DS subject. 
DISCUSSION
The gene dosage hypothesis by extra chromosome 21 may explain the neurological and other symptoms of DS. We analyzed the differential gene expression of AF cells of DS, although it is not fully clear how our analysis using AF cells can lead to the syndrome phenotype. Our analysis using AF cells may not explain the direct pathogenesis of common DS phenotype, but could be important for prenatal diagnosis and the study of DS fetus development.
According to the ''gene dosage effect'' hypothesis, the differential regulation of chromosome 21 genes causes the DS phenotype. Gazzolo et al. reported that S100B protein level of AF were significantly higher (1.5 fold) in DS fetuses (14) . S100B gene is located on chromosome 21 and is calcium binding protein originally isolated from the nervous system (15) . This gene is not only overexpressed in AF, but also lifelong overexpressed in DS (11) .
In the present study, we identified 11 differentially expressed genes in AF cells in DS. GSTT1, the up-regulated gene, plays a role for the intracellular binding, transport of many bio-molecular entities, and detoxification process. GSTT1 was not detected in any fetal organs examined, but found in deciduas (16) . Moreover, this gene was absent in 38% of the population (17), and we found this gene up-regulated in AF cells of DS by approximately 4-folds in semi-quantitative RT-PCR analysis.
COL6A1, COL3A1 and OSF-2, three of the ten down-regulated genes, code for components of the extracellular matrix (ECM). COL6A1 protein was reported to be down-regulated in the brain of DS fetus (18) and to be expressed in the developing atrioventricular (AV) canal. Genetic variations of this gene have been associated with DS AV defects in human genetic studies (19) . According to recently published data, expression changes of the ECM-related genes may also contribute to cardiac defects (19) and abnormalities of brain in DS (20, 21) . COL3A1 gene, which encodes chains of type III procollagen, is important for the development of skin, the cardiovascular system and maintaining the normal physiological functions of these organs (22) . Superti-Furga et al. provided the first description of a mutation of the COL3A1 gene in type IV Ehlers-Danlos syndrome (EDS). Synthesis of type III collagen is defective in type IV EDS (23) . OSF-2, transcription activation protein, might play a role in cell to cell communication in bone, ECM turnover and switches cells into the osteoblastic pathway (24) . It is possible that abnormal expression of OSF-2 may affect increased flexibility in joints of DS patients.
Beta amyloid precursor protein (APP), CuZn superoxide dismutase (SOD1) and S100beta have been implicated in causing apoptosis thought to be responsible for neuronal loss in DS (25) . Little is known, however, about the changes of caspases and their regulatory proteins in DS. Gulesserian et al. reported that procaspase-3 and -8 were significantly decreased in frontal cortex (26) . Although we used AF cells in this study, caspase-3 was down-regulated. BNIP1, Pro-apoptotic protein, was also down-regulated. This gene interacts with BCL-2 family which is anti-apoptosis proteins (27) .
According to the gene dosage hypothesis, some genes on chromosome 21 would overexpress in DS. Previous study showed that the genes located on chromosome 21 have been found to be overexpressed in cells and tissues of DS (28) . Our data showed that the expression level of most genes located on chromosome 21 (22/24 genes) did not change in the AF cells of DS. Only two genes (COL6A1 and PRSS7) were differentially expressed, especially for down regulation in the AF cells of DS. Our microarray analysis determined the expressions of 102 genes potentially important in DS and may provide the basis for a more systematic identification of biomarkers, thus leading to understanding of the developmental and pathogenic study for fetal DS.
